and Methodological Considerations 1). Considering first distinct from the subset from which electrical activity was recorded. Although we did not find different results the behavior, given the phase shifting effects of short light pulses in rats [8, 9] , the absence of a phase advance when recording from the dorsal and the ventral SCN in vitro, we cannot exclude the possibility that cells of in behavioral activity is surprising. We confirmed this observation, however, in a separate behavioral experidifferent subsets are intermingled within the SCN. A second possibility is that within single neurons, Per1 ment (see Figure S1 in the Supplemental Data). Similar results have also been reported in Sprague-Dawley rats luciferase and electrical activity respond differently to the phase advance in the light schedule. In either case, that were subjected to an 8-hr advance of the lightdark cycle before being released in DD [10] . Complete the electrical activity rhythm of the SCN and the animal's behavioral activity do not track the rhythmic behavior advances were obtained only after exposure to the advanced LD (light-dark) regime for three cycles. A possiof Per1-luc bioluminescence.
There is evidence that Per1 may play a different role ble explanation for the absence of phase advances in our study is that behavioral phase shifting is attenuated in peripheral mammalian tissues [20] . In addition, the precise role of Per1 in the SCN has been questioned when animals are exposed to LD cycles and increases when animals are exposed to DD, as is typical in proto-[21-25]. The apparent dissociation between molecular rhythmicity on the one hand and the in vivo neuronal and cols used to generate phase response curves [11, 12] . In retrospect, the applied protocol has been unexpectedly behavioral responses on the other raises a fundamental question about the role of Per1 in the control of behavhelpful in revealing that behavioral, neuronal, and molecular processes can dissociate following a change in the ioral circadian rhythmicity. Especially significant is the finding that the dissociation between Per1 and the in light schedule.
There is increasing evidence that the SCN is a funcvivo neuronal/behavioral response persists for at least 6 days of DD. Immediate and complete shifts in mPer1 tionally heterogeneous tissue at cellular and molecular levels [13] [14] [15] [16] [17] [18] [19] . In the present study, the discrepancy have been observed in mice that were exposed to a 6-hr advance of the environmental light-dark cycle [26] . This observed between the electrical responses and Per1-luc bioluminescence raises the possibility that the Per1-is consistent with our findings on day 1 after the shift in the light schedule and with data obtained in cultured luc bioluminescence rhythm reports a subset of neurons mouse SCN [27]. In the phase advance protocol used by Reddy et al.
[26], mice were kept on the shifted lightdark cycle throughout the experiment, and it was shown that behavioral activity shifted after several light-dark cycles to reestablish the normal phase relationship with Per. In contrast, in our experiments, animals were kept in DD after the shift. In this way, we could exclude the continuing effects of the light-dark cycle on any eventual phase readjustment. Our results indicate that Per1 and electrical activity/behavior dissociate during transient cycles and show little evidence of reestablishing their normal phase relationship even after 6 days in darkness. This suggests that any coupling between Per1 and the clock controlling SCN electrical and behavioral rhythmicity must be weak.
The transient phase shifts observed in electrical activity in vitro contrast with the absence of phase advances in electrical activity measured in vivo. The slice procedure itself cannot account for these differences, given the time of slice preparation and the fact that the rhythm returns to its prior phase by day 6 (see Methodological Considerations 2 in the Supplemental Data). It seems unlikely that the neuronal populations measured in vitro are different from those measured in vivo, given the similarity in recording methodology and the fact that these phase differences gradually disappear in slices measured at days 1-6 in DD. We believe it more plausible that the differences between the phase shifting responses of electrical activity observed in vivo and in vitro are the consequence of the SCN remaining connected to the rest of the nervous system during in vivo electrical recording. We suspect that extra-SCN regions inhibit the ability of the SCN to fully shift in response to phase advances in the light schedule.
Although we cannot completely exclude the possibility that intrinsic SCN mechanisms have played a role in returning the SCN to the unshifted phase by day 6, this explanation seems remote since recordings in different areas of the SCN in vitro revealed no evidence for any 1 (n ϭ 7) , 0.6 Ϯ 1.7 (n ϭ 5), 1.8 Ϯ 1.7 (n ϭ 5) and 0.2 Ϯ 0.7 (n ϭ 2) hr, at days 1 to 6 in DD, 0.5 (n ϭ 5), 0.3 Ϯ 0.5 (n ϭ 5), and Ϫ0.2 Ϯ 0.7 (n ϭ 2) hr, at days 1-6, respectively. Average activity onset times are indicated by black squares. After the advance, the mean activity onset time was shifted respectively. For each day, the number of animals that contributes to the averages is indicated at the right. by Ϫ0.1 Ϯ 0.5 (n ϭ 8), Ϫ0.3 Ϯ 0.6 (n ϭ 8), 0.0 Ϯ 0.6 (n ϭ 7) , 0.4 Ϯ in the SCN as revealed in the present experiments. The question remains whether the neuronal rhythm of the SCN in vivo reflects the phase of the underlying molecular pacemaker. Given the phase advances observed at days 1 and 3 in vitro, we think it likely that the SCN electrical activity recorded in vivo is masked by activity generated by extra-SCN areas. Isolation of the SCN at day 6 demonstrates that the endogenous rhythm eventually comes into phase with the in vivo-recorded neuronal rhythm and provides evidence that the SCN is ultimately entrained by the extra-SCN areas. 
Conclusions

